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(54) Title: COMPOSITE RARE EARTH ANISOTROPIC BONDED MAGNET, COMPOUND FOR COMPOSITE RARE EART^ 
ANISOTROPIC BONDED MAGNET, AND METHOD FOR PRODUCTION THEREOF 
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(57) Abstract: A bonded magnet which comprises a RlFeB based rough powder surface-coated with a surfactant having a specific 
^ average particle diameter and a specific compounding ratio, a R2Fe(N,B) based fine powder surface-coated with a surfactant, wherein 
00 R1 and R2 are each a rare earth element, and a resin as a binder. In the bonded magnet, the RlFeB based rough powder is surrounded 
£^ by the resin having the R2Fe(N,B) based fine powder di^rsed uniformly therein, which results in the prevention of the deterioration 
0^ and the like of the RlFeB based rough powder, due to the cushioning eflfect of the R2Fe(N,B) based fine powder and the resin, which 
leads in turn to the exhibition of the excellent magnetic characteristics being inherent in a RlFeB based rough powder, and thus has 
lead to the provision of a bonded magnet excellent in magnetic characteristics and a permanent magnetism reduction property. 
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(1) #ggsp5_i 5 2 11 6#i^^ (iiAT. r<i)tfgij ) 

. 5g:i: TN d F e B ^-^^ijs&Jl^J i:V>9„ ) i: , S m. F e , rN-a-t^d^b JfeStfe 
5 M niJg;T05?Ki^ (UitT. rSmF e N^'a'^*&5^J i:V^9o ) t^M^ 

BH) max: 128kJ /m') (D^niy K^^^^#TV^:5„ 

(2) ii^BB^pe — 1 3 2 1 0 (£jLT. r>i^#2J i:V>5c ) 
r<7)^^le:t>. -biar^^l t Nd F e B^-g-^^SJ^i: SmF eN^-a- 

(3) <itg|5p9 — 9 2 5 1 5-^^^ (£AT. r>2t^ 3 J i:V>5o ) 

r. 15 0m in03N d sF e 1 4 B d» b J^C S ^::fe'14^^3^5|5 

. 2pj^3|S;g O . 5 ~ 1 O . 7/1 m.XWd.-B-^l^-A^ 0~50wt%ODSrO- 6F 
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:^$^TV^§o :L(D^^^YMy5ns 13 2~150. 1 4 k J /m^ COlS?^:^<i# 

?^^4#i4*55j5S:^+5^x-feofc„ ^<o<ikn'^\^^^7^fKmmmt. loo 

'Cx 1 0 O O^W^<Dt>®-efcS„ -hlBNd F e Bm-a-^JlS&^fi. mWI(^ 

5^m«i#1^<^^Mb'^IP&CfcJ6tc:. hddr?* (Tk^^Sfe) ^ffiv^x^v 

(Df&j/j^f ^ >'=.L^^>m:^|&5fc;6Si^fg-r5^m. N d F e Bm^^m^<Dplii. 

(4) #ra5ji9_i 15 7 1 m-^An iUT. r^^4j i:V>5= ) 

nTn.UTCOi^>L'^iL::^mt^J:nmyi^'Pihm^^t^^Km.mmtNd2F e i4B^^ 

m^^M^m.mi^tit^i^Ym^Tbm^^nxi,^^, :z(D^:yh'm^i^. ise. 

8 — 15 0. 4 k J yxn''<Dmm^W^t. 9 6. 0%(O 
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^(Z^Tj^i^ m:Ef:i. ^OWl^^^ttJ-^HS t><Z)<Z) ( (BH) m a x : 14 6. 4 
~15 2. 8kJ/m') . SmF eN^a5)i?&5|cO^'fb ^^^^^(©li ^ ) 
^HUT. »^tt;6S^S:i<i: (^r^^JIEW : - 1 3 . 7 13. 1%)A5^$ 

(5) 0-2 8 9 8 1 A-^^e^n iUT. 5 J i:V^9„ ) 

„ ^:zX^m^^X^^^mM^1^^i-i:. 1^— o?Sm-Co — F e— Cu-Z 

i^m^d ti^.itt^. ^(om.n^no. sD^d^i. 5iy^m-k.v. ^(omn 

i^i-±o. oiD^d^o. 1 D^^fc-f-J: p i^:ilM^^^■Cv^ao 

i^M^fe^tt 0 . 3 m m^iS. m^n^(On^i-t^ 2 0 0m mmS^T'^ 5„ C9 

/.£ 7i? i: ^ ^ /j: o t> (?) i: ^ 5 o 

m^(Dmm.w^'^mm\^m^\^±^'^^:ijm-&m^mm^tix^rz. u;e)^b; * 

SmF e l<i^m^1^M^(Om-il)^\^^m^^^t Sri^-a-UfcT}?:/ -tlE 
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^^t^m^^f^m^x'-h. ^mmm.w\i<D^f£h-r. mmm^hmti^^i^vm 

7^£;5R2Fe (N. B) ^TO* i: l-ov>X >bJi: < l^^<z?^IP:*5^e>^S Cl i: ^ 

tf#-±«5c3g (UiLT. TRij i:^xi-So ) tm iF b) t^'i/m (B) ^ ^± 
fife^i:i-5R 1 F e Bm^i&tJ:7Kffl'fbAQ!S^ifeU-C#ejH;/i:S|Z^J^fldS5 0~4 
O O /im-CfeSR 1 F e B^^Z^ikm^m^t^R 1 F e B ^m;^14a^«&5^«3 

mm.m^(Dmmt:mm.-r^mi^mm^mt-A^hts:^Ri f e Bma^^i^^s o 

~8 4S»% (ma s s %) i: . Y ^•g-tP^±p7G5» (KAT> rR2J 

„ ) tFetmm (N) ^:r::fiB irSr^^^^-t-rS^iSJ^^^i^i^i o AimT-fo 

SR2Fe (N. B) 3^ ^1*^14^^5^515 i^^R 2 F e (N. B) ^m:^^m^n 

^<Dm^m.^<omm^wmir?>m2nmf^^Mtt^bti:?>-R2F G (n. b) ^ 

Pi^T^i^ 1 5~40ma s s%i:, l^^-Qi^^^Bt^ 1 10mass%t 
^ (BH) max^5i67~223kj /m^-Cfc «9 . 1 O O 
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Fe (N, B) ^mi&5fe'0 (BH) m a x 3 o 3 . 2 k J /m'eX±T-fe 5 r. 

. Um.m\k^ (BH) max-ei60~165k J /m^ggl m^^. 16 4 
, -3. 3%) i:V>5€I^T'fct<Di:i-:5:ia:d5^^ UV^„ -^ife. i&®fl:S«!.3a<^ 

^^fctjt^'^^^jii^feSo J; 5 Jfe^o K^:^t?}*. (BH) max 

-ei40~l60kj /rn'mSl^iiST^-eroot. »i^tt$r?0<^^^^T'- 4 
%iJiT (M;ttf. -3. 4%) ^:V^9^tufct><^)^^:-r§;li:;6S^^ UV\ 
. R 1 F e B5Sfe3^5^^<^iB-^»S:iST^ii:T7i?^ W:&©(S='^ Mb?l:0-5:^ 
m^#t4y!)S (BH) maxT?130~140k J /m^mS i: o X , ^ 
iKWLmW^t^ - S%]^T m^Vt. -4. 5%) i: V^ 9#tLfciiti^'14^5|i^^^tb 
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m^n^^0:>R2 F e Nmm:^^m^n^tN d F e B^m^^^^(DK 2 F e 
Bm^:^^m^B^tlb^^-^tL:bo ^(Dtcl^, R2Fe (N. B) ^^^erttfi^^ 

2Fe (N. B) 7^m:^^m^i^i^(0—m t . R 2 F e N^m^i4?^:&i|&5N 

smF e Nmm^nM) ^^mi^itm'^i^o\^^xfm-r:£>i^^ n d f e 

43<„ ^(DJ; ^'teV'ltfi. R2Fe (N. B) Wm^i^-^^^^X i,mmX^ ^„ 

N d F e B^?^:&!j5&5jc#©R 1 F e B i: SmF e N^a^S"*&?fe^O 

R2Fe (N, B) ^^^«&5fe i: b J^jT 5^'g'^±®^;^j47j^:/ m^&^M^^^ 
-fbW^Hfi. ttritUfe<i5t#4lcit5fa^^tLTI/^/fej: SmF e N^?^:i5|&5^ 

^d^b3^i5R2Fe (N. B) ^m:&J|5&5|c<Dmfb<D ^ Jllfe^S t r:tL*-e%;t 

^^fcR 1 F e B^m;^tt^^:5|&7^ N d F e B <b R 2 F e ( 

N. B) ^m:fj\^m^BM SmFeN^m^l^M) t Tii^^fj: i>:i^ >- h'M 

^(D^^. ^#^Mb<^±H«tf m^<z>Afe?10B#J;i^ifei-5 R l F e B " 

^^:frtt?p^^&5fe«i-?^<7)-^-r ^ o ^ ^ I- J; SfiJni-^ 5 i: ©t^l^'5o • 

^ -jr n>5r^ ^ttjfet^JR^SB^S^m R 1 F e B 5^^:^^^^^ 

So TK^-fk^Oiii^HTttfjtLfcR 1 F e B^^:^tt^:5"ii5&?kf±^ ■^>r ^ a 

m^io-^tkni. 2^y5i«4jcfcofeJ; 9 t-x TK^-fb^kSUfcR 1 F e B 

m^<Sr^iafig?^i-S ■€r©fiK?^^t;^i^C'5j;&;'jo:>i^fp:&s^+5>-e. R i F e 
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(7>J: 9 i-. *av^R 1 F e B ^M;^tt^^^^&*;65^5^L^$:Jl 4^ Jc^jg bfc J: 5 ^^t>t®.<!: 

^'£^J#«fife3&^^^fa<^^si3tt^^^i^)a^^fi. r i f e B^w^ifs^^mpa^^^ ^■(J'r. 

2Fe (N. B) ^m:*-tt?^^il^5|5:6S*lei^^'l' >'^rT'fcS4»J!&lc3i< ^J:U^X'V^ 

R 1 F e ^^m-^'^m^B^^h'R 2 F e (N. B) ^m:^ttm^«&5|5 
. -?:<J5lSflif^T% R 1 F e B m^:i^i4m;&5^7!^ R 2 F e (N. B) l^^'^'^M 
R 1 F e B^m;^'I4?K:&Jg&5i5^R 2 F e (N. B) ^^'^S'l^m^Wi 
R 1 F e Bma^14?^^*&5^d-bmnf^, 1»flMif'{-^^'^/h$V'»R 2 F e (N. 

ijT.. R 1 F e B %Wk:h'^m^^i^<D^ ^ ^^^=7yi? <r>^±M\^¥(^ 0 mMM'^(0 
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#®?gt4^J-C^^$tLfc%<^)^R 1 F e B^5|i.*&*^riq^t>\ *B/5='V>R 2 F e (N 

, B ) %m:^'^m.^'mi^(omMi>^^ 2 wmt^mA-^^m-^titz. r 2 f e ( 

^ttTflg^t-*!!— 5^S!cbfcR 2 F e (N, B) ^$a;6&5|^ ^ A* ^ jfe ^ o -ttfi. RIF 

e B ^mii^5i5 i: R 2 F G (N. B) -mw^^tmrntii^h-^i^u^m m^^x* 
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(Di^mxi]mmm\-'Xmm:\^fc='i^y<t7>'V^m\f^^t. ^h^tL^-^-h'm^iz 

b03^^t-*3V^Xfi. ig::^^^^-/^^— ^ (BH) maxl67k J /m' JS^Jk^ 
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'^k;«!^aSfi6UT#e>^^fc:Sp*^*£^3i5 5 0~4 0 0 M mX'h^R 1 F e B^M:&tt 

fi^:F«&5i5i:^R 1 F e B7^^:^^m^B^<om^m.T-(omm^w^-t?>fii 1 1?-® 

^14^Jii6^?j3&SR 1 F e B^5jS*&7fe755 5 0 — 8 4S]i:% (m a s s %) R 
2 i: F e ^N^fcfiB ^ SrBE^ife^ t f 5 i ~ i O /zmT-feSR 2 F e 

(N. B) ^m:fJ^m^^^tm'R2F e (N. B) mm;&'l4^:^^^5)^<Z3:^^^ 
^(Dmm^^U^^^2^miSi±mtib>^fj:^R2F e (N> B) 
5~4 Oma s s % t , ^^>r Si^fll^^^ 1 ~ 1 Oma s 8%t*^^^0 ^ 

fi^lBR 1 F e B3^3|aJg&m<^«fi£5ia^<^*®»^ fl[&IBl&fli4»t-B&iaR 2 F e (N 

Fe (N. B) m^^J^5l€i:i||^flgi:;05^-^^LXV^5r irlnJ: 0. ^s^-K?^^^ 

^fhit. R 1 F e B5^fe«&5|^<75:^ tCR 2 F e (N. B) ^»5fetitJ3g<h 
— 3>mbTV^6il i:T% R 1 F e B^)|a|&5!5rp1©^|#Jc:R 2 F e (N, B) 

mw^mtmwj-r ^^W}mm^m.< x^tc:itKx^ tm.t>ti^. 

^rc, roj: ^ J^ij^ffl^^M^T. R 1 F e B^fe)i5&5fe©*;b>3 IJIR 2 F e 
(N. B) ;^mi|f&5l5^:<SrflBi:*5t||— ;j^t!i:i-Sr i:-e. R2Fe (N. B) ^^^Jg^ 
5|cd5;!jnl?&?K^J5fe?i^'t'"C{l^-r5 r i: f>m<ti: «9 . R l F e B^fei^*(D^r^fife5& 

^^Mt^^I^i^lR 2 F e (N. B) ^m^^^^i^— ^ "Tf^^ < ^ ix2) J: 

9t-^£^o ^LX. ^ ?>^c:]^v^^JK^t R 1 F e B^ffi^&5|50SlJtL^^>^>^i-5i#v^ 

fLtb(Dj^mt^^i-t. R I F e B5^mi5&5|5. R2Fe (N. B) ^Wd^MiS^XJ^m 
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'C. mm 2 . 0 MA/m. ^mfS-tl 3 9 2 M P a (D^i^TX-tamUm^^^ bfcl^ 

-r^^-h. R 1 i: F e i: B t^^^^t-T^R 1 F e B^-^t^tJlTfc 

^-fb^O-S^JSbTttbtbfc^pi^J&^JiS 5 0~4 0 0 mT'feSR 1 F e B^^;^ 

^t)^5 0~8 4ma s s % i R 2 i: F e tN^fd-iBt^^J^^t-r^W-^^ 
^^;6S i~ 1 O Mm-efeSR 2 F e (N. B) m^:^^tt^:&3|^5!5«Ofl|^3ia-^^©^ffi 
^f^2^mm^mX^m\^Xfj:?>K2F e (N. B) 1 5 ~ 4 0 m a 

s s%t. V^-efca^flg^^S l~10ma s s % tt^h-^^yU^B-^^. 

0@ai^i^:^^mbX^R 1 F e B^mi^^fc J:a?^R 2 F e (N. B) 

I^R 1 F e Bmm.1^^(Om^i&^mi^mR 2 F e (N. B) m«»1^5|5*5 J: tJ«^ 

rir-c^ ±umi^m-i:. ttiiBR 1 F e B^ai&*<??«^jKi^^(7)^®;6s. mmm 

. 8(rad*UfeJ; 9l-> R 1 F e B^a5^5KtD*|?l5 t;iR 2 F e (N. B) ^W^^M 

tmmt:d>m—^Wi:i.X\^^^^t\cj:^ . tJ^^^ h'm^t:m^-r^m(D^^^j±ti^ 

hi&mi^^-^-r^o $e>t-. R2Fe (n. b) mm^MAm^mm^^'pxm 
^■r^^tTi^mKti^. Ri F e B7^mn^<o'^m^n'f-m(D^m\:^R2F e ( 
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:i(DX0^='>'^-^^>'yi'^- -fi^ij^t^. f&lBR 1 F e B^3aS5|Si:miBR 2 F e 
m\^X^^i^tcW■i^^^i^ 5 0~4 0 0 Mm-X?feSR 1 F e B^^:}jf^M^B^ 

(om^m'¥-(Dmm^m 1 ^Mf^^mxm.^\^xfj:^R i f e B^m^^^s o~ 

8 4ma s s%i:. R 2 t F e thC^fcnB t ^^^0 tir^^^i^mm^ 1 1 

0MmT'fe5R2Fe (N. B) ^m:^mm^i^^(Dm^m.'^<omm^m 2 

m\±MX^Wi\^X^^R2F e (N, B) 1 5 ~ 4 O m a s s % . 

tn^KiF BBmm.n^<^m^m.'i^(ommt^. 'm^mm^i^m^R2F B (n 

m^i-^s uamim\^:Lnt^<o'^(D^mj:mt^—D(Of&m^'^x'mm^i^n^x 
m(O'^^\fT^^^m\^xMB.^jf^\^ft^m^'0i^t ux*3v>T4>av\ -eux 
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So 

g| 5 fi. 2|5:^egtJ:^S^##g-±«^^tt'J?^ ™^«:m^ LfcN d <Z)E PMA 
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^^mX^^y). R2Fe (N. B) mm:^^m^n^(D Sxn7UmK&.M \^f^h<D 

A. mmmm 

So 

(1) R 1 F e B^m:^\tm^iB^ 

® R 1 F e B mm^^^m^'IBmt. RltFBtBt ^^Bfe5> i: R 1 F e B 

sIc^P^T'V^ ^TK^-fb^Sl^t^. HDDR^Sife (hydrogenation 
— decompos i tion — di spropot ionat ion— rec 
ombination) d — HD D R*3jaife:dSfc 5o 

HDDR^GiSifeHL. ^i:: 2oOXm5&='b^j:So i'J^i^'^x lOOkPa (la 
tm) mS<^7k*;Jf;^#H^^X-5 0 0~1 O O O'Clci^^b, H^a^^fil^iU'fk 

Tk^Xig (^2Xm) tib^h^j:^. Ji5i,7K*xa{i. ^'J;tfi\ tK^JBE;^}^ 1 0 P 
a eitT<55#ffl^lil-r5X^X-fc'5„ ^fc. ^<^?a^ti. SOO—lOO 

^ <j$^i|Z 7-6 8 5 6 1 #fF^ 2 5 7 6 6 7 1 ^-^^^^^W b < $ 

2 0 0 0) . p. 4 0 7) IJits^j^i-^^^nxv^-S ^Ui^^WiUi^*^ 

^^e<3i3:fi, ^tax-^<^'a'^t-7K^%4-^l-@i«0l$-*5f£iB.7K^'fbxm 1 XS 
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i . iS^&TKIgfbxmtt . M^i-f. TK^ffij^ri^ 3 o ~ 2 O O k P a 
^mB^tii>^2 0~100kPa"C7 50~90 0 'C<?37K^:^:^#H^4't-f*1#-r 

sxax'fe So m 1 S^^xmfiv tKi^E;^*^ o. i~20kPa-e 750-90 
0''c<D7K^;5f^#H^^t-iS:l#-t-Sxax*feS„ m2#^xm«:. tK^BE:^^! 

0- 'p a eiTi^#iffi^i-'^^i~sxm-^-fcs= 

J; 5 ^^^.bfaHDDR^aS?*-^ d -hdd R^!0^a^fe=^ffiv^s r i: «9 ^ R 

I F.e B^^:3^i4a^«&*^xiti^'<>'^-eft^T-#5„ ^:^'[4^i^*fcffi 

b d -HD D R^-a^feASiei^ UV\ 
@R 1 F e B.^^:&'l4?K=&^^<7>^^*fe^^ 50~400Mmi: UyttOfi. 5 0 

^jxi^mxii^ ^mt) (iHc) 5&s^Tu 4. 0 0 ;i-m^mz.?> tmmm^^m 

(Br) ;aMg:T-t-5;0^bT"fo5o ^^^^i^sKt^fi. 7 4 ~ 1 5 O /i mT-fcS t J: 

^fc, ^056a-^J:b^ 5 0~8 4ma s s % i: Lfc<Z)^±^ 5 Cm a s s %7|^?p§-e 

1- iMc:k^^>^^^—^ (BH) max;6S<STb. 8 4ina s s%^^:t5i:v 

la-a-tbfi. 7 0 — 8 Oma s s%-e$>5t i'9itjF*UV>o ;^j:43. 9 
mas s%{i, Tjf >- ™:&^<^^>c{* =" W-?5'>' K^^^ 1 O Oma s s%tV 

(S)R 1 F e B^^;&-tt^^^*&?K<^m^fi. <ltJ::P5^$tt;:eVN;d5, m^i-£. Rl^^ 

II — 16 m^^% ( a t %) . B 5 . 5 — 15 (a t %) 33 it/F e ^Sr 

1 2F e i4B<|r3fe*@i:-rSt><0-efcSo wiDm-a-, R 1 1 1 a t yoTfctfet* o 
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F e^B^^WW bT^^#t4;6MS:TU. 1 6 a t t R 1 aF e i4B*B;d5 

F ei7tS30S«TmUT?^M<^t^5a5ig;-FL^ 15a t%^®x.Si:. m^i&7|^«froB 

roi 9 ^.CR 1 f*^ ^;t/:/v^!>A (Sc) , >l'5/hP!>^ (Y) . =71^9 J >( 

La) , ^D^7A (Ce) . :7'7-t:^i^A (Pr) . ^>;a-v^A (Nd) . P 
!>A (Sm) , :«fKU:^r>A CGd) , x/^tf»>i» (Tb) , v?>^ a V A ( 
Dy) , (Ho) , :sLA^\^fpJ^ (Er) , ^yUlJ^A (Tm) *3j;t5yU 

'T'^^J>. (Lu) (75il?fj^< i: t> l«UX±:d»ej>fe5 i^^fii-efcSo ^ii^ 

Nd, p r *5 J;tJ«D y (D— ®JS^±;ei^e>^l:i^.e S ^^i?* 

^bi-, TjcliPJlC^SR 1 F e B^m>^tt^^)^5l?{i. JilER 1 <!: fiS'iic:, D 
y. Tb. 1^ di^fL\-i.'P X <0(S^i3i< th—m^J^<0^±m5tm (R3) ^-^^U 
-cv^5 ^iif*uv>„ Af*:6<ii;ij"±. ^mi^^W^i 0 0 ^ t%t\^fz.t^\Z.^ R3 
4:0. 0 5-5. 0 a t^/o-^^-rS^Sf^UV^ r ^^ «^5c*f*, R 1 F e B ^ 

mol>-C'bl^'l«-C'fo«9 . m^\-^. R 1 ^;R 2 .hfil^— X-tjSV\ 

R3;550. 0 5 a t %7|^#|T'fis ^mm&ti(OmMi)^{i^^< . 5 a t%^®;t 
Si: (BH) ma xJTJfSTSr^ir^So RSfiO. 1 ~ 3 a t %-C-feS i: i "9 

^fc, :^mm(D'R 1 F e.B^^;&-'t4m^^5^fis -htBR 1 irtiSO^-. L a 
bXV^S i:^^ UVN„ 1 0 0 a t % Ufc # li. 

La^O. 001~1. O a t%-^W-r5^/lf^Ul/^ mtJ: J: , 

2Fe (N. B) mm;^i4?K:&J|S&5fc{COV>X^I^^Xfe5„ 
;1C1X. e.ti^m^^ih(OmU\^^'^^(0\±, Lat±^±^5c^ (R. E. ) 
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UTf^^b, grlBRl (Nd. Dy^) J; «9 tj L a ^as^^g^t- m%m^) 

OOl t%^mX-^^^tt>h. LaS^rO. O O 1 a t 

irUfco-:^'. La:6Si. Oat%$:®^^i:. i H c (D{ST=^^B#^fT^ < 
V>„ i^-C, LaS<DTPS30^> 0. 01at%. O. O 5 a t %s ^blCiiO. 

. W^'te^(7)I^l±^3J:t)«iHc<7^^gTWJ*^J<^m^^^='fe> Laft;6^0. Ol~0. 
7 a t %X'fo5^-il$f^L'»'^o ^£*3. RLl F e B^^:&14?^^«&5|5tf'<DB;fi5i 
O. 8~15 a t%OD^-^, L a RlzFei4B 

e i4Bi5|=@i:B- r i c h+B^<^#*i«amd='b5^£5-^^Mfifefc'fe5o 

R 1 F e B^m*ttm^5^5fefi. R 1 . B*3 J:tJ«F e -^©^^#14^ 

'eri|;tfi. 0. 01-1. Oat %c^;?f (Ga) . O. 01~0. 6at 

%(0=^yi-zf (Nb) <^)lS^fc{i2«^'^*i-S^ t:65$fSL.V^ G a ^^^"T 
SdtX. R 1 F e B^S:&14<^^^*'^^^^:'j565j6]_hi-5= ^^T'. G a (^^ 
W*:6^0. Ola t%7tsffiXJ-±^iK;^F©fR]_L©^^:*^#^n-r. l. 0 a 

rClT% N b 0 . Ola t =^ V ^ J'^'t ^ 

<D7!)m\^<. O. 6 a t%^^X.§ t{*?^;^r^^^ii^^^^o #l31Ga. N b =l:_b 

_h$-=e:5 C ^(DW^ (BH) m a x 4:Jt*P^-l3:S„ 

T/V^^!^i^ (Al) . ^-Cm (Si) . ^^i^ (Ti) , y<-r''Jt7J» 
(V) , iJ'niN (Cr) X ■^>':jSf:/ (Mn) ^ ^^^yir/U (N i ) . ^ (Cu) . 
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^;V^:^^h. (Ge) > v?/U=ic=^T>A (Zt) ^ ^ U (M o ) , ^v^C? 

A (In) > (Sn) . =^t7 (H f ) . ^ ^-^/l- (Ta) . ^ ■!r ^ 

(W) > ^ (Pb) <D^t>lS^^(^2«£;Jl^'g-ftX'0. 0 0 1-5, O 

<^{^m:^. :^^?f^tt;^eJc#i-§:i ^fc. -^WS:dso. o o i a t 

ri^^yVh (Co) ^0. 0 O 1~2 0 a t %T"aWi~^-i:*^^ff^ I- 

^#14}fiSQJt§$n5c ::::i-e. c o (D-^^ft-ads o . o o i a t %5|5?g§-ct4C o-^ 

wro^:^dSM.^n-rs 2 0 a t %^m^^ tn§smMmmtmT\^m%iii^\&fim 

J" 

o 

WiZ!ibfc. Dy^ Tb. Nd-^^fiPr (R3) , La, Ga, Nb, Co^ 

Ufe J: 5 R 3^L a fiR 1 F e ■Bmm:^\^m^B^^<^Wi^^^\pi±^ 
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R 3 R 3 -a-t^x R 3 {k^a-^^^J it>*-^tL b (DtK^^I^'^^'^— S^-t*^ ^ ^ 

TM) ti^B^tcD^^. it^m ^±mmit^^^^t^) ^fcf^TK^^b^^-e^'^e^ 

tB'£.L,\f\ :LtlhiOM.i¥^i^^if^i^^ 0ijx.ti. LaCo (Hx) . LaNd 
Co (Hx) . LaDyCo (Hx) , R3Co (Hx) . RSNdCo (H x 
) , R3DyCo (Hx) ^^fiS^jS, 
R 3?^^5!€i3:ov>T%|wlil|-efcao 

(D-B-^miZ^m^itl^RS^l. a {i2 0 a t %^±. $ e>JC(*6 0 a t %iii±-e 
fc^^^fii-CfcSo m:^t&5|50«®^fcJ±l^^l-R 3^L a ^^mi-Sm 

-a-^. 'E?»J;t(i. R 1 F e B^?^^*&5|5lilR 3m*&5K-^L a^i^^^M'^UX'^^S 

M-^ii^*^. 6 7 3-1 1 2 3'KKM^-r^mm^^mj^m^^y>no:Lt:d^-Q 
La^«&*/55:^*si-''£«5iii<. + t£^wci^mr-mm t fj: ^ . 1123K 

0. 5~5^W:&S^^UV^o 0. 5^Bg^?g§X'fiR 3-^L aOS£m^57p+5i-i:/£ 

*^#BB^) tf'X-tTipn5<^:65^^UV^ *fc. ^rofetfc^^HXm*. HDD 
R«l;a©flft7K^X^^ d - HDD RftkS^^M 1 #^Xm*;feall 2 #^XSt-iSl! 
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1 F e B Wim^^i^(OW-i^^^-i>^ 1 mmeJLT. R 3 ^Jl^*-^ L a ^5g&5K<^^*&*fe 
2 5 MmUiTeiPT'fenf^i3^i®-Cfc5o Jfcfc. il<^R 1 F e B^^^^SS&^f* 

R 1 F e B^?^:&|&5|5©]^5^i^4'-eR3^L a ^WMiT^^^. -^^U 
T-feSR 1 F e B3^iK^5g&*{i. #:0^tL^J;'^i^^n7Km^bi^«5^fe^i i '^ioTV^ 6 ( 
EJLTx r(^7K^ft;i^<^*&5!5^ PR 1 F e BHx5|f&5|5J tV>5o ) o m-^^^h. tIc 

R a ^^;!jp-r^ willClJ'^ad^b-efc^o C(DR 1 F e BHx^5|c^{i, tK 

3 C o Hx-^L a C o H x ^T' fctl^tf 

$ bl-. 2|s:%0JcD^nfc^^#ti^to#^ m:^^t#-5_fc:-t:% R 1 F e 
MS/^-I^^^^Sils&^f*, 2 7 9. Skj/m^eii. ^ b t-fi 3 4 4 k J /m'£i_b;iS 

_h^U^*iff4. m5B<?5R2Fe (N. B) 

R 2 F e Bi^m:)j'mm^^^(om^\^^mmx'i>^o 

(2) R2Fe (N. B) 
a)R2Fe (N. B) ^m^te^^^^^*}*. R 1 F e B ^m:^i4?^:&|&5i?FBl 

^i:>^£5o ^®R2Fe (N, B) Ihm^m&^^^^^^t. b J: 9 , R 

2 F e NmM:5"ttfi^^©5|5i:R 2 F e N^.M^tta^2^5|5 i: t^h(0 
<i?'fS:< th—mt^hfi^. V^-rH<0:^-^-C•t>. R2Fe (N, B) ^m:t3'&EM^ 
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ii<Dn. Sm2F e i7NSr^*Bi:-rS t>«^T?fc5„ ^fts R2Fe (N. B) ^ 
t>/ce^^^:> R2Fe (N. B) ^^^i4i^^^*<D— Q-Cfc S S m F e N^?^ 

\,^i^mtitm±-r^. ^(o^o^^m^^t^h. R2Fe (N. B) m^^m&^^n 

M(DW-i^^^^ 1 ~ 1 O M m i: Uyto 1 m^l^^X-fi, ©^{k \^^<^^^ . 
@?^mafit3!>5ieT — H (BH) ma X ^s(£Ti-Sfci6Sf^ L< J^C 

^(DWi'^lt^l 5~40ma s s%t Ufc<^{t. 1 5 m a s s 

fi. R 1 F e Bmm^ttm:^;m*CO«Bfe3Sl^^=^r^«i-Sl^fift^5^1?'^iV\ — :^ 

. 4 0ma s s%^mx.^ ti^ffi^tCR 1 F e B < ^£ 

0. 5^ (BH) ma x;6M£Ti-So 

^ fjJ-. :2|s:^^<^#ti.fc^^^#'l4^t>07if mq5«r»5±:X% R 2 F e (N 
. B) 7^^:^^m^nMi-i. 3 0 3. 2 kJ/m^£l.±x ^ tSlfi 3 1 9 k J / 

(3) wmm^misx-(jmm 

i4^^«&?is33j:Tj«R 2 F e (N. B) ^m:^i±m^B^(omm^X'(Dm.Wi^%:iSi 

'm:m<D±tf£R IF e B-mW^MZ-m^-ttlit. -blBim^?^^. R 1 
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l^v^R 1 F e B^m:f7^m^m^t^^^:^\^^^^J^^-t^^i^'i^^ ^(ompSt^ 
^fc. R2Fe (N. B) ^m:^tta^i^5|c<^#®?g14^j-e^^i-6 ^ ^ J: 
T4g|!l5 J: 5 tC'tcSo ^fc. R2Fe (N. B) mz^-m 

C(^J:5tC. R 1 F e Bmm:^tt^^:5•*&7feffly©^7^ib-r. ■?r©R2Fe (N. 

:^mm<om^. r i f e B^m:^^m^mm(Dm.f-^m^wm-r^^mm^^i 

R2Fe (N. B) 5^^5^14m^|&5|^6D3g^^^BD^«E^i-Sl^®f&i4^J t 

. ttfijiC73:i^7j>°^v^^Bg, 7zcy-7Uii^a#fe«9. m-^mi^mm\^n. mx.i-£i2 

^jslgggtr^flgcDia-g-tbS: l~10ma s s%t Lfc(Dfi, 1 m a s s %^^X 
i-i. l^ytl.X(Dm'^tlKXi-f. lOma s s%^m^^ tm^^ (BH) m 
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2Fe (N. B) ^WiBiKt^A>X-\^^^7!)K Tijaj ^7|c^fc(i T^j S5lc{i. ^ 

e (N. B) ^^n-^n. m^i-^s R2Fe (N, B) ^ _hlB 

(4) =i:/y-?i>>' KirTj?^^ Ki8£^ 
3|5:^§flO[)r2^^-?e7>' R 1 F e B ^^fej^^i: R 2 F e (N. B) 

X'feSo ^Ojf^^Jis 5 0~5 0 0 /imm^«^S>Ktt^"^'feSu 

^«?D=il^^> _h|a?^14«&*«— '^!lT'fc5av^N d F e B t M^^i S 

:^^6tJJ::^^¥Ufcti<Z5^|ll 1 Ak^-f-o laiBfi. N d F e B^?^^)^*i:^^flg 

^J5i5(^. '^^o:>^>'y<^>'Y(Dm^^ N d F e Bm?^^)^5N<^3ia^^®i::. 
I»flg pi^ * u X w a fc -e s o 

e N l^a:&i|5&5lc;6S^ 2 #ffi^i4^J LTltag tJl^ii* tl^fc^^t^ 5 S m F e 
Nmmi^5^*5, NdF e B^^^:^3i5&5|c*5^l|f®fStt^J^^:j:oT^S^®$^^/c)bt^, 
t::fc?)N d F e B'mW^^<r>ML^mM\Z.ii^~\^ii^W:\^tL'^WitfJ:oX\i^^o 
-r. -e^j^fflJO^^ e>t'1^lgt^J: '9ffli?)b^fcil;^^.i:^oXV>So ^*5x 13 l AT? 
fi, N d F e B^fe«&7fe:6S-3&St3:5>ltL-CV^Slll^^^?FLXV>S;6^ ^t^^P^^- 

=i>^y<f7:yvn. R 1 F e B^m.^^(Dm^U'f■7i^^W^^m\^t^h(D7b^^^^-c 
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-^f>c^n>'yN°i>>' K^M^^i'^'T*^^EE^?f^L■c#fc7^^'>Ka^<^- 
Afi:*:%egtO^:/ m^^^U^ 0 2 B fit!e^<^>#:^ m^Sr^-To ^ 2 B Sr^ 
^xf^B^feji^'^eJ; m^^o^^-^ y^^<^^'^^ mm^m^^^^X. NdFeB 

2 Ad^eje^bd^J^iJiPtJ:, N d F e B^m^^<O^m0&^^(^^Wn. SmFe 
T^mW^^tmm}::K^\)^--icmm^^ti^Witfj:?i. o^«9, NdPeB^ 

(Di^^. N dF &BmKBm-i. sxnF BNW:mMtmmt\'ji<^xm'0.^^ 
t:i^m^mi^m'p\^^^xw-mi^x\^?>:d^(Dx. ^ta^mt^^-oxy^^^o ^(o^t^m 

mmi^mii^X^l^\f^mWa^\:iX^x. NdP eB^fe«&*03gz:^^l^±{iia»ttil- 

mf^^tim^TKftii^i^. Nd F e Bmfe5|5&*(D3ia^|^dtfi:Jc#^C^^i*^^# 
So ^fc. Nd F e B^fe^5|€0«^3eL^IS{2:#«E-rS34imtt?>fei*:iim>*3»^5 
^ -/->3 ^-t^^fiJ^mU-C. Nd F e B^W^^<D^^0.^^i^^WMi^^f&L>X 

^IClXfi. R 1 F e B^mii^*i: R 2 F e (N. B) mWi^^tmBt^tlUm 

mmvxm^fii=^i^^<^^^ h't^fb. 71^:^ vm^trnm^^^^t^^^^^^^^xmrn u 
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fS:^No. 2 6 (A) Iftffi^ttm^f^-^U/cN d F e B^3|ai^5!5fcitJ«S 
^ LT, fifeff^ffi;^;^^ 1 9 8MP a ( 2 t o n / c ) ^-^X*, tSf^^^^^+B^^ 

■rSo :^i;i^St4®rn]_h<^^^j:b-r. R i f e b^^;^ 
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^3isi-No. 2 3 (■) tt^ ^m^n^tmmii^mm.T^mmi^tcii<D^mmm 
. f«;MNo. 2 6 (A) (Dm^(oj;:o^ii&m^mm-±nhnti:h\ tj^oXs mm 

fitMNo. 2 6 (A) <^?«-^(^>i:5Jj:. |g;JEE^?l^Ufc7j?>'m:&T'fco-Ct.x 
xeu.J:5t-. 1»ag^t-R2Fe (N. B) ^^|&*;{|S5>t5cb/ct>t^t?feoX. R 

fRjJifi (BH) m a x^Sit/jDc^gt^^^^lRlJi^^. R 1 F e B ^3|fi3^*<D#J3T. 

^— ^mi^fi, KM:5^?^^J75R 2 F e (N. B) ^Um^^ ^X:^mm(D 

*ICR 1 F.e B^fe^7|c<^fi|j^igt^Fn^lC?^^$tl.S^I^=£rffiJl?>.X^*^SrrS]_t$ 
Tjfi^K^^t^ CBH) m a x*5 j;U!^^i^?^^%lif;«?>5. R2Fe ( 
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K?^5C0^iittlR]-t^-^-^"t"So R2Fe (N. B) mm^fOM 

Rjtgi:i-Sfc«??ic, ;*:PJji®#T'{:i> i^^^f^^TT-TjO- m^^S:^?^Ufc i: % 

^i:UT. fiarfiJtt. ^a^*3 J:TJ^ti]^x*Ulhtt<^mJ^^*^6>. (BH) max*5J: 
«2. OMA/m (2. 5T) , l^fe^i^li;^) 8 8 2 MP a (X^Jb. m^^^Mffa 

:^mm(D^o\z^ -[-^f£mwj^t^"^^ti^M'^<o^^mmi-i. 94-99%^ 

F e B^*a5i5{>**5j;t>'R 2 F e (N. B) 3l^i|e&5|C<DlHJte#att-^i?^m^^i^ 
ik-lit^lSTU-C. (BH) ma x:j3j:t>'*^?^m^l-#Hfc^i^F^^;65#bn 

0D^Pf^?mi^^=?To^#'g') (omnmm.n. 9 S-g 9%i:V^5^^^^:iSv^'K[i:/^ 
^5. rnfi. 15. R2Fe (N. B) W^^^i6 X.Umm 

BH) ma x *5 J;!;?^^^^?^^©— ^^tbfc^ V KiM^S^iS^bixS, 

mttiSrJi^-t-SI^Jwfi, ^jKi&^lSO'C. ?^^2. OMA/m (2. 5 T) . 
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B. 

(a) fglUJi^^J 

( 1 ) R 1 F e B ^mi^co^m 

®R 1 F e B^^:*-W^*&*<^^^t 

5|ci:U-C, ^l3oJ;tJ««2tC:^i-m^^ti0^5fsf (N d F e B ^^:&^^*) t: d 
-HDDR*njSl:iJ;t)^5tU;fco ^fls&ejttti, 3fe-r. ^ 1 *3 it/f^ 2 Ulfc^a 

^ :^=fy hi^T/i^^^i^^y^Wm^'Px-i 1 4 0 — 1 1 5 CCx 4 o^W©^W<k 

d-Hr>'DR9ihm^M\.r^o -rti:t>-h. ^^&> tK^JE;': 1 0 
G k P a (J?7Km^;^#H^TT% ^|*;!|s).'g-t^-^+5)-l-7Km^®JR$*:/5: ({gia^K: 
^-fkXm) o 8 0 0'CX-3 0kPa (Tk^ff;^) ©Tk^J^'^^^ffl^T-c, 

4 8 O^FB^^m^S^ligbfc m^U.:^mi\:.J^n) o 8 0 O'Cl^liS&^U 

yh**. 7KmiE;^0. 1 ~ 2 O k P a ©7K^;if^#S^T-C% l 6 O^^rBTcoiSf*!]; 

UT. 1 O-'P aeiT©^^^ffi^TX-?^*|]U^ (m2^MXm 
) „ n 5 UT, 1 -f^!y=5=-^^ 0 X # 1 O k g^flE^N d F e B^^^r^&^%-?^a^ 
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-187) Sf^i?y— 7VT'2f|fi::#«^L.;rc%tDT-fo6o '^al-^ t^;5N-No. 4l::o 
v^T^i, Ifffi^tt^yt^^^i: b-C. h^:«7 ix^y >^/^J C^cD^tS^^^ 

%M.> TT'VZ/r^ bKR4 1 (B) ) 4r p« ^>'L'Ji^>'l">' b :^-e 2 i^tC^f^ Ufc t. 

Nd F e B^5|a5|?&5|c) tmhiC\.fz.^ -fi-U. * 2 4» ©t^i^N o . C 1 iCOV^-Tf^i. 
#ffi^14^J <73^a <^tT :e)^ o /Co 
(2) R2Fe (N> B) ^mST^^^^it 

3te-r> R2Fe (N. B) ^^;^14^^:&*&5fei: UT. m:l^(OnWo. 1~ 
8*3i:t)«*2 4'0^i:bi{E^i|S|-l2:fi> mSSOSmF e N^^^^^* 
i^^^^iM) ^^fflbfCo ^fc. ^If (D^JiS^No. 9~12t3:j*, PC<Ttf|g 

3gj^^;j,.p,/^§^^fir5R 2 F e (N. B) l^m^ ( S m F e N^^^^IC) 

tbfeo -(aUx ^ 2 f (^^!|sfN o . c 2 ^::ov^•c^i. ;:l^^#®^g^4^«)^lt^%^f to 

fi:^. #®?S14^jO:gc^^?*f*. Jb^ON dF e B^fe*&*-^SmF e N^l^ 

)^7^^rov^T^Tofc:)^^fe^r^i|5g?^tt'^^v^o R 1 F e B5^^;5-'M^|&m 

i:R2Fe (N. B) ^m>^te^^i|^5|c ^ ^-^^'V ^if- ^X'Jl^ b/c^ 
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_t|BNd F e B^W^^t SmF e N^^|&*i: 1 *3 i t>*^ 2 {d:^ Lfciia 
^it (ma s s %) -T?, =3{-i^— IJIJ; «9 ^n^tbil-^UfCo -^(Dm 

, MxL?^. 9 0 ~ 1 3 o'C<Z)®ffi-^'tTx.5o ^^^i/1#J3g<7:>m'^> 9 0°c*i|-e 
fi^ifetfe^ii^ib'fc-r, SmF eN^^)^5feSrWfl&4'J::i^— :^m^*5::<i::^5-e 
^m^ffi u^1tfli<^4fe^b-^fi, aCCX'. ^fbfi^ (Sl-fb;^) f:ii5o*t:-t?fc 

(4) ■>&Li^^±m^^^-^-i^yM'^(Dmm. 
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i3£:5-5e&?i5^^R 2 F e (N. B) w^i^:&^m^mi^(om^^^<Dmm^^m-t^ 

m2nmm^mtt>^^f£^R2F B (N, B) 5~4 0ma s s% 

i:^ ■ 

^^>r i^^?'T'fe5W:65 1 ~ 1 om a s s % t7b>^f3: V) ^ 

(BH) niaxd5l67~223kj /m^-C*) t> . 

1 o cc-e 10 0 om^mmmzm-mm\^xn^ibfh:5mM(Dm''pm^^^-t^ 

2. HufSR 1 F e B^S;^14^^5^^^fcf4S(rl3R 2 F e (N. B) 
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